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Abstract 
This study focuses on design and architecture of adaptive assessment module integrated into UZWEBMAT. Main purpose of 
adaptive assessment is better evaluation of ability levels and learning processes of students. As a matter of fact, adaptive 
assessment enables to perceive competences of students more efficiently and correctly. A final question bank comprising of 752 
questions was used for adaptive assessment module integrated into UZWEBMAT. Thanks to this module, students receiving 
individual education via UZWEBMAT are provided with an assessment that is adaptive according to their own competences and 
capacities. Thanks to adaptive assessment allowing recognizing learners by their ability levels in contrast to classical tests, 
individualized assessment becomes possible. 
12 Published by Elsevier Ltd. 
Keywords: Adaptive assessment, individual learning, learning differences, item response theory, secondary mathematics education. 
1. Introduction 
Assessment is an inevitable part of learning process. This component makes it possible to obtain information 
about knowledge levels and learning processes of students. In recent years, individual web-based learning 
environments have rapidly developed and become widespread. Accordingly, adaptive assessment applications have 
also come to the forefront for a more efficient evaluation of individual learning outputs. Main purpose of adaptive 
assessment is better evaluation of ability levels and learning processes of students (Gouli, Kornilakis, Papanikolaou 
& Grigoriadou, 2001; Sitthisak, Gilbert & Davis, 2007). As a matter of fact, adaptive assessment enables to perceive 
competences of students more efficiently and correctly. Adaptive assessment provides students with an 
individualized assessment environment individualized for them to see their competences. Unlike classical test 
systems, adaptive assessment is a kind of assessment in which assessment process is dynamic (Gouli, Papanikolau & 
Grigoriadou, 2006). In adaptive assessment, selection of the next question dynamically varies by performance of 
student in the test. By this means, each student is assessed by a test unique to him/her.  
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This article describes an adaptive assessment framework designed for 
2011). Following sections give short information about adaptive assessment systems and UZWEBMAT. Then, 
design and algorithms of adaptive assessment system integrated into UZWEBMAT are briefly presented.  
2. Rudiments of Adaptive Assessment and Computerized Adaptive Testing 
Ability levels and competences of students can be estimated more efficiently and productively through adaptive 
assessment (Koong & Wu, 2010). In addition, thanks to adaptive assessment, students will be asked questions in 
accordance with their competences. This will make it possible for students to answer the test without being 
bothered. As a matter of fact, thanks to this assessment system, student will encounter neither too difficult nor too 
easy questions (Lazarinis, Green & Pearson, 2010; Tian, Miao, Zhu & Gong, 2007). Adaptive assessment systems 
are generally known as Computerized Adaptive Testing (CAT). In contrast to classical testing systems, each 
examinee is subjected to a unique test designed for his/her ability level in CAT. CAT asks different questions in 
accordance with  ability level, unlike classical tests asking the same questions to each examinee. 
Various research findings indicate that adaptive assessment is generally more efficient and productive in comparison 
to non-adaptive methods (Antal & Koncz, 2011; Gouli, Papanikolau & Grigoriadou, 2006; Triantafillou, 2007). 
CAT systems comprise of four main components. These components are item pool, item selection algorithm, 
ability estimation and termination criterion. Key concept of CAT is the best match of a test item with ability level 
 of an examinee. Item difficulty and the most appropriate equivalence of  provide maximum information about 
ability level of the examinee. Success of any CAT system largely depends on a quality item pool. Final item pool 
contains approximately 5 to 10 times more items than the number of items to be presented to the examinee. 
Accordingly, it is proposed to include 150-300 items in an item pool for a 30 items test (Georgiadou, Triantafillou, 
& Economides, 2006; Fetzer et al., 2008). Maximum Information Selection (MIS) method can be used for examinee 
to select questions most appropriate for his/her ability level. This method selects the question providing maximum 
information about ability level of the examinee. Starting question is generally selected assuming that the participant 
has an intermediate ability level (Boyd, 2003). Ability estimation is updated after each answer, and the following 
item is selected according to proper features detected by new estimation. Although   various methods are available 
in the literature for estimation of ability level of examinee, Maximum Likelihood Estimation (MLE) is the most 
frequently used method. It identifies the ability level value that makes likelihood for occurrence of a sequence of 
answers maximum based on answers given by examinee. It re-assesses ability estimation of the examinee until 
reaching an estimation with a statistically acceptable precision or until reaching a limit like maximum number of 
tests ( Conejo & -  2005; Tian et al., 2007; Triantafillou, 2007). 
2.1. Item Response Theory 
In a CAT application, the first stage is forming the initial item pool. Various mathematical models are available 
for that. Among these models, the most well known one is Item Response Theory (IRT). IRT is a mathematical 
model which takes into consideration the likelihood of a person giving correct answer to each item and defines 
examinee independent of the examinee and test. Even if two different tests asking different questions to the same 
individual are administered in this model, estimated ability level does not change. This ability level is known as 
theta and takes a value between +3 and -3. On scale, 0 refers to intermediate ability level, negative values refer 
to ability level lower than the average, and positive values refer to ability level higher than the average (Boyd, 2003; 
Weiss, 2004; Fetzer et al., 2008). In IRT, distribution function of likelihood of examinees giving a correct answer to 
a question according to ability levels is called Item Characteristic Curve (ICC), and different mathematical equations 
defining this curve constitute models - indicates an 
likelihood of giving a correct answer to a question within his/her ability level  range. IRT uses various models for 
ability estimation. These models vary by the number and type of parameters used (Boyd, 2003; Fetzer et al., 2008). 
Among existing IRT models, the Three Parameter Logistic model (3PL) is one of the most commonly used model, 
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which is a more generic form of the Two Parameter Logistic model (2PL) and the One Parameter Logistic model 
(1PL) (Al-A'ali, 2007). Model-data fit tests are performed to decide which model is to be employed.  
The 3PL model contains three parameters: item discrimination (a), item difficulty (b), and guessing parameter 
(c). 2PL model is obtained from 3PL by making adjustment of c=0, and 1 PL model is obtained from 3PL model by 
making adjustments of c=0 and a=1. The following equation models the ICC in the 3PL model (Baker, 2001): 
 
     (1) 
ability level of individual 
e: 2.718 (constant) 
likelihood of an individual with ability level giving a correct answer to i. questions  
3. An Outline of UZWEBMAT 
UZWEBMAT is an expert system supported, adaptive, intelligent and individualized e-learning environment 
designed for permutation, combination, binomial expansion and probability subjects of 10th grade mathematics 
course. UZWEBMAT is an adaptive system based on VAK (Visual-Auditory-Kinesthetic) learning style. Three 
different contents were developed in compliance with VAK learning style and integrated into UZWEBMAT 
 
4. Development Process of Adaptive Assessment Module in UZWEBMAT 
Within the scope of UZWEBMAT, end-of-subject tests containing 20, 20, 15 and 20 questions at the end of  
permutation, combination, binomial expansion and probability subjects, and one end-of-unit test containing 30 
questions were formed. Within the scope of the study, a total of 32 tests were developed for item pool to be 
constituted. Acquisitions of these subjects included in the curriculum of 10th grade mathematics course were taken 
into consideration in the development stage of these tests. A question bank comprising of a total of 880 questions 
was formed for CAT system integrated into UZWEBMAT. These tests were carried out in 11 high schools located 
in Trabzon city center and various districts. Tests were administered to a total of 3146 students. The application 
started in the fall semester 2010-2011 and ended in the spring semester 2010-2011. This application lasted for 6 
months. Test results obtained from students were coded as correct (1)  incorrect (0). In the study, MULTILOG 7.0 
program was employed for model data fit. At the end of this analysis, it was seen that test items were in conformity 
with 3PL, and all tests were individually analyzed according to 3PL. A, b, c parameters were calculated for all tests. 
Test items not in conformity with 3PL were not included in the final question bank. Table 1 presents distribution of 
questions in the initial question bank and in the final question bank formed after all analyses were completed 
according to subjects. 
 
Table 1. Distribution of the numbers of questions in the question bank in CAT application developed for UZWEBMAT according to subjects. 
 
Subject Initial number of 
tests  
Initial number of items The number of items 
excluded from tests at the 
end of IRT analyses  
The number of items 
in the final question 
bank 
Permutation 10 272 33 239 
Combination 7 191 32 159 
Binominal 
Expansion 4 112 10 102 
Probability 11 305 53 252 
Total  880 128 752 
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For all questions in the question bank, likelihood of examinees in each ability level (among ability levels between 
-3 and +3 in 3PL) giving correct answer to this question was calculated by using formula (1). These values 
calculated were recorded in the database. 
4.1. Adaptive Assessment Algorithm  
Adaptive assessment algorithm can be defined as follows:  
 
a. Set an initial ability level for learner  
b. Select the question most appropriate for current ability level estimated for learner 
c. Estimate the ability level according to the answer given by learner 
d. Return to item b until termination criterion is met, and continue 
 
Maximum Information Selection (MIS) method was used for selection of question from the question bank 
appropriate for ability levels estimated. In this method, the question providing maximum information about ability 
level of the participant is selected. Starting question is generally selected by assuming that participant has 
intermediate ability level (Boyd, 2003). In this study, 0 ability level, which is the intermediate level, was taken as 
basis for starting question in end-of-subject test on permutation subject, which is the first subject test, and estimated 
ability level was accepted as 0. The first question was asked over this ability level. After permutation subject test 
was taken, ability estimation was made for each student at the end of the test. Ability level estimated in the previous 
test was accepted as initial level in the following end-of-subject tests and end-of-unit test, and starting question was 
formed on the basis of this level. Based on correctness or incorrectness of answers given by student, the system will 
select and present the question providing maximum information on current ability level of students within -3 to +3 
ability levels range. In this way, student takes the question most appropriate for his/her ability level. Maximum 
Likelihood Estimation (MLE) method was used for estimation of ability level of learner within adaptive assessment 
module. This is a widely used method for ability estimation. It finds the ability level value making the likelihood of 
occurrence of sequence of answers maximum based on answers given by the participant. Since fixed numbers of 
questions are used in developed tests, fixed number of termination criteria is taken as basis at the end of tests.  
At the end of tests, answers given by students are assessed by the system, and test score is calculated again 
according to IRT. Test score in IRT is calculated according to formula 2 after ability level of student is determined 
(Baker, 2001).  
                      (2) 
TSj: test score coming out of j number of questions 
j: ability level estimated in j number of items  
Pi( j): Likelihood of giving correct answer in estimated ability level of i. item answered correctly 
 
This point scoring system is different from classical test theory, and it is quite an effective method for 
individualized assessment. While students giving correct answers to same number of questions score equal in 
classical test theory, they may score differently in IRT. That is mainly because of the fact that questions solved by 
the student and ability level estimated at the end of the test may be different. 
Ability level-question items chart related to two different students whose ability levels were estimated to be +1 in 
end-of-unit test are given in Figure 1 and Figure 2.  
As is seen from Figure 1, this student started test with a question at 0-ability level. 0-ability level is the ability 
level of student estimated in end-of-subject test on probability subject, which is the latest subject test.  Ability level 
of this student was estimated again according to answers given by him/her to each question. The question most 
appropriate for estimated current ability level was selected and given to the student. When the student gave a correct 
answer to questions, his/her ability level was increased one, and his ability level was decreased one when he/she 
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gave an incorrect answer. Ability level of this student was estimated to be +1 at the end of the test. According to 
Formula 2, score of this student in the test was found as 61.27. 
 
 
Figure 1.Display image of ability level  question item of a sample student whose ability level was estimated to be +1 for end-of-unit test  
 
 
 
Figure 2. Display image of ability level  question item of another student whose ability level was estimated to be +1 for end-of-unit test 
 
As is seen from Figure 2, this student started test with a question at +1 ability level. +1 ability level is the ability 
level of student estimated in end-of-subject test on probability subject, which is the latest subject test. Ability level 
of this student was estimated again according to answers given by him/her to each question. The question most 
appropriate for estimated current ability level was selected and given to the student. When the student gave a correct 
answer to questions, his/her ability level was increased one, and his ability level was decreased one when he/she 
gave an incorrect answer. Ability level of this student was estimated to be +1 at the end of the test. According to 
Formula 2, score of this student in the test was found as 63.14.  
5. Conclusion and Future Work 
This study described development and architecture of adaptive assessment module integrated into UZWEBMAT. 
Thanks to incorporation of adaptive assessment modules into  e-learning environments, it becomes possible 
to measure each student with questions appropriate for his/his own level. Therefore, results of this study may 
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contribute to development and implementation of these kinds of adaptive assessment modules in e-learning 
environments aimed at teaching at different levels. By this means, individualized assessment will become more 
effective through integration of these modules into distance education software. 
Adaptive assessment is not advantageous only for students. It also provides certain benefits for teachers. As a 
matter of fact, it becomes possible for teachers to know their students not only by scores students achieve in tests, 
but also by their ability levels. This is because, in contrast to classical assessment, adaptive assessment makes it 
possible to determine ability level of questions student can answer, and ability level of questions they cannot 
answer. In addition, final ability level estimated for students can also be determined. By this means, it becomes 
possible to know students more clearly. Students whose individual features are determined better can be provided 
with individualized education in line with this target.  
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